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ABSTRACT 
The Suitability of Newton Reservoir to be Either a 
Coldwater or a Warmwater Fishery 
by 
Jeffrey H. Johnson, Master of Science 
Utah State University, 1970 
MaJor Professor: Dr. William F. Sigler 
Department: Wildlife Resources 
vtt 
Measurements were made of the water chemistry,the distribution, and 
relative abundance of net-plankton, and the reproduction, age and growth, 
and food habits of largemouth bass in Newton Reservoir, Newton, Utah. 
Samples for chemical analysis were collected weekly from three 
sites and from several depths at each site. Plankton collections were 
made on a monthly basis. Data were compared with data in the litera-
ture and analyzed for possible ecological implications. 
Physical and chemical investigations of the water 1ndicated 
favorable conditions for a warmwater fishery. 
The study of the surface net- plankton revealed a predominance of 
blue-green algae. 
The substratum of the littoral zone is characterized by material 
that has favored successful largemouth bass reproduction. Two and 
three year olds were dominant in the catch dur1ng the study. Growth 
in the reservoir was comparable to average rates of other studies. 
Analysis of stomach contents of largemouth bass revealed that they are 
largely carnivorous. 
(84 pages) 
INTRODUCTION 
Accelerat1ng human populat1ons With an 1ncreased amount of 
le1sure t1me are plac1ng cont1nuously heavier recreat10nal demands on 
stand1ng bod1es of water suitable for a var1ety of water sports. 
W1th an ever 1ncreas1ng fish1ng pressure on our lakes an 
reservo1rs every measure poss1ble must be taken to preserve f1sh1ng 
for 1ts many thousands of part1c1pants. 
Newton Reservo1r Is easily accessIble to the fIsherman of 
northern Utah. Although 75,946 sport fIsh, including rainbow trout 
(Salmo gairdner1), brown trout (Salmo trutta), brook trout (Salvelinus 
fontinalis), and largemouth bass (Micropterus salmoides), have been 
stocked since 1945, the reservoir has offered l1ttle in the way of 
fishing 1n recent years. 
The inherent potential of Newton Reservoir to produce good 
fishing necess1tates a sound limnology-fishery related study. 
Research into the physico-chemical environment and mode of life found 
In the reservoir would lend pertinent informatIon to the initiation of 
a long range successful fisheries program. 
The obJectives of this study were: 
1. To determine the suitabi11ty of Newton Reservoir to 
produce either a warmwater or coldwater fishery. 
2. To determine the chem1cal and physical factors which 
affect fish populations in Newton Reservoir. 
3. To determine the present fish population by species and 
with particular reference to largemouth bass. 
4. To determine the success of largemouth bass reproduction. 
5. To determine the age and rate of growth of largemouth 
bass. 
6. To evaluate the survival of stocked rainbow trout. 
HISTORY 
General 
Newton Reservoir is located on Clarkston Creek, 2.3 miles north 
of the town of Newton in northern Cache County, Utah. 
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The original dam, located approximately 1.5 miles upstream from 
the present one, was the first storage structure bUilt in Utah (1872), 
and possibly the first in the United States (Newton ProJect Publica-
tion, 1961). The capacity of the orig1nal reservoir was approximately 
1500 acre feet. Construction of the present dam was begun by the U.S. 
Bureau of Reclamation in 1941 and water was first delivered from the 
reservoir during the 1945 irrigation season. The capacity of the 
present reservoir is 5600 acre feet. Operation and maintenance of the 
reservoir were assumed by the Newton Water User's Association in 1948. 
Newton Reservoir occupies a small part of the area once covered by 
Lake Bonneville. 
The average annual precipitation at Logan, Utah, the nearest 
weather station (18 miles), is 18.65 inches. Nearly 40 percent of the 
total annual precipitation falls in March, April, and May. Due to low 
moisture variability, a large degree of dependence can be placed on 
the season's moisture supply. Only one year in ten receives less than 
two-thirds of the normal amount. The annual growing season of 108 
days lasts from May to September. 
Air temperatures are moderate, characteristic of mid-temperate 
areas. The 42-year mean annual temperature is 45.6 F. The maximum 
recorded temperature is 104 F and the .minimum is -44 F. Mean annual 
lake evaporation rates for Cache County, Utah, recorded for a 10-year 
period, is 4D inches. 
From 1946 to 1968, Newton Reservoir fluctuated annually an 
average of 4.2 feet, with a maxima-minima being 20.1 and 0.1 feet, 
respectively (Figure 11, Appendix). When full the elevation of the 
reservoir is 4774.5 feet above sea level. The highest level occurred 
in 1967 when the reservoir stood 4774.4 feet above sea level (U.S. 
Bureau of Reclamation Form R4-132, 1958). 
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Since the construction of the dam in 1945, changes in the 
physical, chemical, and biological characters of Newton Reservoir have 
undoubtedly occurred. ~dditional irrigation by pumps and newly added 
canals from Newton Reservoir constantly changed water levels. Domestic 
and animal wastes, carried by Clarkston Creek, enter the reservoir. 
Crop spraying and fertilization have likely affected chemical phenomena 
occurring within the reservoir. 
Fishery 
The initial introduction of sport fish to Newton Reservoir was in 
the spring of 1945, when 15,232 rainbow trout and 7300 brown trout were 
stocked. Subsequent plants in 1946, 1947, and 1949 raised the total 
number of fish stocked to 34,867 and 17,425 rainbow and brown trout, 
respectively. The largemouth bass plants came in 1962 and 1964, when 
9000 and 250 were stocked, respectively. 
Lifelong residents of the town of Newton recall in the years 1948 
and 1949, "Rainbow trout in the 5-7 pound class were not uncommon." 
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In addition to the fish stocked (Table 1), four additional species 
are present in the reservoir: carp (Cyprinus carpio), black bullhead 
(Ictalurus ~), Utah sucker (Catostomus ardens), and black crappie 
(Pomoxis nigromaculatus). Fishermen may have introduced the carp and 
black bullhead. The Utah sucker most likely entered the reservoir 
from Clarkston Creek. The black crappie may have been inadvertently 
stocked With the largemouth bass. 
Four of the ei~ht species are presently established in the 
reservoir: the carp, Utah sucker, black bullhead, and largemouth bass . 
Trout virtually disappeared during the summer of 1967 and none has 
been taken since. At that time successive counts of dead trout of 
both shoreline and surface areas totalled 1973. A second fish kill 
occurred in September of 1967, affeoting Utah suckers, black bullhead~, 
and carp. Dead fish were counted, their weights estimated, and it was 
determined that 199 pounds of Utah suckers, 124 pounds of black 
bullheads, and 91 pounds of c~p died. EVidence indicates that high 
concentrations of the dinoflagellate Cerat1um and the blue-green alga 
Aphan1zomenon lowered the oxygen concentration below the minimum 
toleranoe level on September 8, 1967. 
The carp and Utah sucker have possibly been disastrous additions 
to the reservoir with their inherent feeding habits that are detri-
mental to game fish. Some carp reach a size of 20 pounds. The black 
bullheads inhabiting the reservoir are stunted. The average total 
length measurement is about 7 inches. Only two black crappie, one 
186 mm (TL) and the other 172 mm (TL), were captured. 
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Table 1. Fish introductions into Newton Reservoir* 
Species Year Size (inches) Number 
Rainbow trout 1945 ->7 15,232 
Brown trout 1945 >7 7,300 
Rainbow trout 1946 >7 7,975 
Brown trout 1946 >7 5,525 
Rainbow trout 1947 >7 4,600 
Brown trout 1947 >7 4,600 
Rainbow trout i949 >7 6,960 
Rainbow trout 1952 >7 2,070 
Brown trout 1952 >7 1,020 
Brook trout 1952 >7 1,050 
Rainbow trout 1953 >7 4,053 
-;Largemouth bass 1962 Fingerling 9,000 
Largemouth bass 1964 Fingerling 250 
Rainbow trout 1967 >7 6,311 
*Based on records from the Utah Fish and Game Department, 1968. 
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The first introduction of largemouth bass into Newton Reservoir 
was 9000 fingerlings in 1962. Although the largemouth bass are not the 
most abundant fish in the reservoir, late spring through late summer 
fishing affords some excitement to the fisherman. One 4 pound bass 
and a few 3 pound bass have been caught by the author. 
\ 
\ 
\ 
DESCRIPTION OF WATERS STUDIED 
Physical 
Newton Reservoir is elbow-shaped and lies in a north-south 
direction With the extremities pointing to the northwest and south. 
Shorelines are regular except in the north shoreline bay, an area 
comprising about four surface acres. 
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Mountains surround the reservoir both to the east and to the 
west, permitting north winds that generally prevail. Clarkston 
Mountains, to the west, rise 7600 feet above sea level while Little 
Mountains on the east rise 5693 feet above sea level. 
The reservoir receives water from Clarkston Creek and Birch 
Creek, both originating from clear mountain springs. Summer turbidity 
of the reservoir measured after normal Winds during June, July, and 
August, 1967, were a maximum of 29 ppm Si02 equivalents. Shoreline 
turbidities are probably greater than this during Windy weather, but 
the water clears conSiderably during the winter and spring. The 
introduction of carp probably can be held responsible for contributing 
to the high turbidity in addition to the effect of wind. 
Bottom type of approx1mately 90 percent of the reservoir is a 
mixture of calcareous clay, organic detritus, and black muck. The 
remaining types are gravel, rubble, boulders, and sand in varying 
combinations (Figure 1). 
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I 
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NEWTON RESERVOIR 
· I~:":.I Gravel ( fine) 
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Figure 1. Bottom types found in Newton Reservoir 
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Shorelines are abrupt on the. north, but are slightly inclined on 
the south. Because shorelines are abrupt, the total surface area 
remains about the same every year, or roughly 297 surface acres. 
The reservoir has a capacity of 5520 acre feet, of which 220 acre 
feet are dead storage. The average annual discharge at Newton dam is 
6290 acre feet. The drawdown is usually in early May and June and 
continues through September. From 1945 to 1968 the average reservoir 
volume by the last of September was 1185.5 acre feet. From the spill-
way crest this represents a reduction of water depth of about 21 feet. 
The average reservoir volume in September during 1967 and 1968 was 
2629 acre feet or a reduction of 8.3 feet. During the period of high 
water in April and May the reservoir has a maximum depth of 55 feet. 
By September the maximum depth may be reduced to about 37 feet. A 
considerable amount of irregularity in depth is present in the reser-
voir. The deepest area is just north of the dam while the upper 
northwest end of the reservoir has a minimum depth of 10 feet 
(Figure 14, Appendix). 
The reservoir covers 0.464 square miles and is 1.7 miles long. 
It has a maximum width of approximately 3800 feet and a minimum width 
of 500 feet. The shoreline is 10 miles long; the shoreline development 
is 3.8. 
Dt = _...;;;;L=~_ , where shoreline development is the a(rrA 
ratio of the length of the shoreline to the length 
of the circumference of a circle or area equal to 
that of the lake (Hutchinson, 1957). 
The watershed for the reservoir covers 23.3 square miles. 
Soils around Newton Reservoir are the Crookston variety of muck-
like loam, clay subsoil, sandy loam, and limestone of the Salt Lake 
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formation in varying mixtures (Cache Area Soil Survey #603, 1961). The 
soils surrounding Clarkston Creek are mainly silt loams to clay loams 
and have developed on the lacustrine materials of ancient Lake 
Bonneville. 
The reservoir stratified during the warmer summer months into a 
warmer e pilimni on , the thermocline, a zone of maximum temperature 
change, and a hypolimnion. Surface water temperatures taken during 
this study were at a minimum of 33 F during the winter and a maximum 
of 87 F during the summer. During the summers of 1967 and 1968, the 
thermocline ranged between 6 and 20 feet beneath the surface waters. 
As the fall season approaches, colder atmospheric temperatures cool 
the surface waters causing a drop in their temperature and a slow 
dissipation of the stratified condition. The temperature gradients 
were Ultimately destroyed by October and September, in 1967 and 1968, 
respectively. 
Ice usually covers the reservoir from December to March, with 
occasional breakups early in the winter when ice layers are at their 
minimum and warm weather prevails. Maximum ice thickness at the dam 
was 13 inches in February, 1968. 
Chemical 
Dissolved oxygen concentrations were extremely variable during 
this study owing to reservoir stratification, algae blooms, cloud 
cover, etc. During the critical summer and winter months of stratifi-
cation, an anaerobic hypolimnion ranged between depths of 20 and 50 
feet. Surf,ace waters during these months ranged between 1.5 ppm and 
14 ppm dissolved oxygen. 
Free CO2 ranged from zero in the epilimnion to 40 ppm in the 
deeper hypolimnion. The presence of some basic salts gives the water 
a pH of from 7.0 to 8.5. 
During the stratified months of winter and summer, hydrogen 
sulfide developed beyond 5 ppm in the anaerobic zones. 
Total hardness ranged from 393 ppm to 461 ppm and total (methyl 
orange) alkalinity between 188 ppm and 307 ppm. 
Biological 
The present biological status of Newton Reservoir is primarily a 
result of three significant events: (1) manipulation of water levels 
for irrigation, (2) introduction of the carp, and (3) pollution, 
including animal and domestic sewage, sprays and fertilizers, and 
siltation. 
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Plants often give good indications of biological conditions. The 
Crookston soils surrounding the reservoir are used predominantly for 
crops of alfalfa, winter wheat, barley, sugar beets, and corn. The 
native vegetation that predomi~ated before farming practices developed 
was big sagebrush (Aretemisia tridentata), bluebunch wheatgrass 
(Agropyron spicatum), western wheatgrass (Agropyron smithii), and 
balsamroot (Balsamorhiza saggitata). Narrow bands of unplowed land 
surrounding the reservoir still retain the above species in addition 
to extremely dense thickets of willow (Salix spp.) and stands of 
cottonwood (Populus spp.). 
The two dominating rooted aquatic plants are smartweed (Polygonum 
spp.) and burreed (Sparganium spp.). The former forms dense masses in 
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the littoral regions of the northwest and of the reservoir in the 
spring; the latter invades the receding shorelines as the water level 
drops in the summer. 
There were many fluctuations in net-plankton densities during this 
study. Common forms such as Aphanizomenon, Ceratium, Oscillatoria, 
Anabaena, Spirogyra, Closterium, and Fragilaria species were ~ound 
during 1967-196S. Cladocerans encountered were Daphnia and Bosmina. 
The copepod Cyclops was also found in great densities during part of 
the study. 
Diptera larvae, of the family Chironomidae, were essentially the 
only forms inhabiting the profundal regions of the reservoir. Their 
numbers varied between 11 to 201 individuals per 1/4 square foot of bot-
tom material with the highest densities coming from the shallow areas. 
Molluscs were once abundant in the reservoir as evidenced by shells 
of Lymnaea, Physa, and Pisidium in dense numbers along the littoral 
zones. Only Lymnaea and Gyraulus appear to be present now. 
A freshwater crayfish, Cambarus, is exceedingly numerous along the 
face of the dam and is an important food for largemouth bass. A fresh-
water shrimp, Gammarus, is also found in great numbers in this area. 
The copepod Lernaea is a common parasite on carp and Utah suckers 
in the reservoir. As many as 274 parasites have been counted on an 
individual sucker. 
White pelicans (Pelecanus erythrorhynchus), common egrets (~­
merodius albus), great blue herons (Ardea herodias), gulls (Larus spp.), 
avocets (Recurvirostra america9!), and killdeer (Charadrius vociferus) 
are the most numerous shorebirds. Waterfowl are fairly abundant 
around the reservoir. 
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DISTRIBUTION OF SAMPLING STATIONS 
Figure 2 depicts the original eight sampling stations, chosen in 
an attempt to sample the typical environment within Newton Reservoir. 
The eight stations were selected on a transect line extending across 
the face of the dam from the southeast end to the southwest end and 
from the south end (dam) to the north and northwest end (inlet), 
bisecting the maximum length of the reservoir. 
All stations were located by taking three sightings on permanent 
land marks. The close proximity of the reservoir's shores and 
distinctive shoreline insured a high degree of accuracy in coming 
back to a particular station for successive sampling, which was done, 
for the most part, on a weekly basis. Hazardous early ice formation 
prevented any sampling during the month of December, 1968. Breaking 
ice in March, 1968, limited the author to one sample during this month. 
Stations 1, 5, and 8 (in brackets) locate the reader as to the 
specific sampling stations sampled during the study from June, 1967, 
through September, 1968 (Figure 2). Sampling results from all eight 
stations from June through September, 1967, showed a high degree of 
similarity in chemical characteristics among stations Within the 
groups 1, 2, and 3; 4, 5, and 6; and 7 and 8. Analysis of variance 
shows this similarity in that there were no significant differences in 
dissolved oxygen, carbon dioxide, pH, alkalinity, and temperature be-
tween the stations in the groups mentioned above (p < .05). For this 
reason, Stations 2, 3, 4, 6, and 7 were dispensed With. Henceforth, 
• 
Stations 1, 5, and 8 will be referred to as stations 1, 2, and 3. 
[8J (3) 
spot poisoning stations, 
1~6 
7 
Hook and line fishing areas, 
A, B, and C 
Roteno~ed bay ' '''~'' 
Sampling Stations 1-8 . 
(chemical gnd physical 
factors) sampled from 
June through September 
1967 
Sampling Stations (1), 
(2), (3) (chemical and 
physical factors) sampled 
from June, 1967 through 
September, 1968. 
3 
c 
~ 
J( 
I 
6 
B 
[5.1 (2) 
4 
A 
2 
(1) [lJ 
2 
Figure 2. Sampling locations with respect to the fisheries and water 
chemistry in Newton Reservoir, 1967-1968 
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PHYSICAL AND CHEMICAL FACTORS 
Methods and Materials 
The chemical and physical determinations were limited to the 
folloWing: dissolved oxygen, carbon dioxide, hydrogen-ion concentra-
tion (pH), methyl orange alkalinity, hydrogen sulfide, total hardness, 
temperature, and visibility. In addition, the Utah Water Research 
Laboratory, Logan, Utah, made chemical and physical analysis of five 
samples at different dates for the following: calCium, magnesium, 
potaSSium, sodium, chlorine, carbonate, bicarbonate, nitrate nitrogen, 
phosphate, sulfate, ammonia, electrioal conductivity, total Ca and Mg 
hardness, turbidity, color, and BOD (Biochemical Oxygen Demand) 
(Table 13, AppendiX). 
Oxygen 
Oxygen samples were taken at each station with a 2 liter Van Dorn 
water sampler at 5 foot intervals. The dissolved oxygen concentration 
was determined by titration as outlined by Hach Chemical Company. It 
is based on the Standard Winkler Method (Alsterberg modification). 
Carbon diOXide 
Free carbon diOXide was determined by a drop count titration in 
the field. The carbon d1xo1de test was oarried out at the place of 
sampling since the main precaution is to minimize the loss of carbon 
dioxide due to aeration. Phenolpthale1n was used as an indicator. 
The sample was titrated With standard sodium hydroxide (N/44). 
Hydrogen-ion concentration 
The hydrogen-ion concentration or pH determinations were made 
using a Hach colorimeter. 
Alkalinity 
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The determination of alkalinity was made by titrating a sample 9f 
water with a standard solution of acid, with the use of pH indicators 
one changing at a pH of 8.3 and another at 4.5 to 5.0, as outlined by 
Hach. 
Hydrogen sulfide 
Hydrogen sulfide was measured with a Hach model HS-1 hydrogen 
sulfide test kit. It is a reliable test and sensitive enough to detect 
as little as 0.1 ppm. Colorimetrically, one is able to discern a range 
of concentration between 0.1 ppm and 5.0 ppm. 
Total hardness 
The water hardness was determined by titration using TitraVer 
(Ethylene-diaminetetraacetate-EDTA), and the MonoVer hardness test as 
outlined by Hach. 
Temperature 
Surface temperatures were recorded with a Weksler mercury thermo-
meter calibrated in 2 degree increments from -30 F to +120 F. Tempera-
ture profiles of the deeper water were made with a bathythermograph. 
Visibility (Secchi disk) 
Visibility was measured on a weekly basis with a Sec chi disk to 
the nearest inch. The technique is not quantitative and is subject to 
errors caused by variations in time of sampling, roughness of water, 
and conditions of the atmosphere (Welch, 1948). 
Analysis of variance 
18 
A statistical analysis using a factorial design was computed for 
five parameters (temperature, dissolved oxygen, carbon dioxide, 
alkalinity, and pH) in comparing Stations 1, ~, and 3. Because of 
unequal sample sizes, due namely to dates and depths, several analyses 
of variance were calculated to accomplish a comparison~ df stations for 
maximum depth through time. Unequal sample sizes arose from differ-
ences in depths between stations and because Stations 2 and 3 were not 
sampled during the winter. 
Discussion 
Temperature 
The temperature of a body of water, which is dependent upon geo-
graphical location, season, and morphological characteristics, deter-
mines its total heat energy. Greater than 50 percent of the solar 
radiation received at the water's surface is absorbed in the upper 
2 meters and is transformed into heat (Hutchinson, 1957). Since the 
loss of heat from water takes place through radiation, evaporation, 
and conduction of the air and bottom muds, the balancing of heat 
gained and heat lost, then determines the temperature of a body of 
water over a year's cycle. 
The thermal cycle in temperate lakes and reservoirs shows a pro-
nounced variation through the season. Newton Reservoir is no exception 
(Figure 3). For a few weeks in the spring, water temperatures and 
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water density are homogeneous from top to bottom. Winds mix the water 
in the reservoir, distributing nutrients and flocculent bottom solids 
inbbth' ,t.he -deePer water and the surface. Summer temperatures quickly 
check vertical circulation by warming the surfac~causing it to become 
lighter and to rest over the colder, heavier water. Thermal stratifi-
cation exists for 8 to 9 months. 
The stratification of Newton Reservoir is well defined by the 
third week in May. The epilirnnion, varying in thickness according to 
water depth, is 5 to 20 feet thick at this time. The thermocline, 
used here as Wesenberg-Lund (1911) defined it, or the plane of maximum 
rate , of decrease in temperature, becomes progressively deeper as the 
summer advances. The maximum surface temperature (87 F) was recorded 
at Station 3 in late June and early July (1967) and the minimum (33 F) 
was recorded near the darn in February (1968). 
The fall turnover started in early September at Station 3 and in 
late September at Station 1 (1967). Complete mixing occurred in 
September at Station 3 and in November at Station 1. The temperature 
. of the shallow areas (Station 3) followed the seasonal warming and 
cooling trend of the atmosphe~e quite closely and, therefore, responded 
sooner to the changes. 
Once frozen, the reservoir exhibited an inverse stratification 
(Figure 3). The water in contact with the ice is 33 F, that below a 
depth of 6 or 9 feet exhibits the temperature of free circulation 
(34 F) just be~ore freezing. The result of this process is an increase 
in temperature throughout the main mass of water remote from the ice. 
Hutchinson (1957) states that winter warming under ice is recorde~ by 
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Langmuir (1938) for Lake George; by B1rdge and Juday (1929) for Lake 
Mendota, and other authors. 
Temperature was significantly different (p <: 0.01) at each station 
at different depths through time for Newton Reservoir (Table 2). A 
second analysis comparing all three stations showed that temperature 
was also different at three depths (15 feet) through time (Table 3). 
Since temperatures for Station 3 were considerably d1fferent from those 
of Stations 1 and 2, the analysis of variance was s1gnificant. How-
ever, by comparing Stat10ns 1 and 2 for six depths through time, no 
significant d1fferences was found, indicating that these stations were 
similar With respect to temperature (Table 4). Mean temperatures for 
the reservoir throughout the study are found in Table 5. 
Dissolved oXygen 
The distribution of oxygen in summer in a strat1f1ed lake has been 
stud1ed more than any other aspect of chem1cal l1mnology (Hutchinson, 
1957). Furthermore, Hutchinson states: 
A sk11lful limnologist can probably learn more about the 
nature of a lake from a series of oxygen determ1nations 
than from any other kind of chemical data (Hutch1nson, 
1957, p. 575). 
Most aquatic organisms appear to have a high tolerance for excess 
oxygen (Welch, 1935). At the other extreme there 1s a large group of 
bottom animals which surV1ve for long periods in water containing no 
oxygen. Other organ1sms, for example, f1sh, are affected adversely by 
rather low concentrations. Moore (1942) found that oxygen tensions of 
6 ppm in the summer appear to be the point at which various spec1es of 
fish begin to be adversely affected. Below this concentrat1on, and 
especially below 4 ppm, oxygen becomes cr1 tical- to most species of fish. 
Table 2. Analysis of variance of dissolved oxygen, carbon dioxide, 
alkalinity, pH, and temperature at three stations, Newton 
Reservoir, 1967-1968 
Source of Variation DF F Value 
Station 1 Dates 47 5.32** 
Dissolved oxYgen Depths 7 3.35** 
Station 1 Dates 47 9.78** 
Carbon dioxide Depths 7 56.82** 
Station 1 Dates 47 18.93** 
Alkalinity Depths 7 106.42** 
Station 1 Dates 47 O.OOa 
pH Depths 7 O.OOa 
Station 1 Dates 47 55.71** 
Temperature Depths 7 45.46** 
station 2 Dates 43 7.86** 
Dissolved oxygen Depths 5 45·54** 
Station 2 Dates 43 10.17** 
Carbon dioxide Depths 5 49.74** 
Station 2 Dates 43 6.66** 
Alkalinity Depths 5 48.71** 
Station 2 Dates 43 0.12a 
pH Depths 5 0.28a 
Station 2 Dates 43 59.64** 
Temperature Depths 5 27.13** 
Station 3 Dates 43 5.20** 
Dissolved Depths 2 38.81** 
Station 3 Dates 43 34.93** 
Carbon dioxide Depths 2 49.91** 
Station 3 Dates 43 13.10** 
Alkalinity Depths 2 48.85** 
Station 3 Dates 43 O.lOa 
pH Depths 2 O.OOa 
Station 3 Dates 43 383.82** 
Temperature Depths 2 23.25** 
** Significant at the 99 percent level. 
a Not significant at the 99 percent level. 
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Table 3. Analysis of variance among three stations for dissolved 
oxygen, carbon dioxide, alkalinity, pH, and temperature, 
Newton Reservoir during 1967-196B 
Source of Variation DF F Value 
Dissolved o~Jgen Stations 2 21.50** 
Dates 43 85.91** 
Depths 2 294.43** 
Stations X Dates B6 3.32** 
Stations X Depths , . .4 17.B4** 
Depths X Dates 86 8.07** 
Carbon dioxide Stations 2 8.68** 
Dates 43 176.52** 
Depths 2 249.30** 
Stations X Dates B6 6.93** 
Stations X Depths 4 O.OOa 
Dates X Depths B6 3.B1** 
Alkalinity Stations 2 3.28** 
Dates 43 38.06** 
Depths 2 134.12** 
Stations X Dates 86 5.13** 
Stations X Depths 4 2.08** 
Depths X Dates 86 1.81** 
pH Stations 2 O.l1a 
Dates 43 O.OOa 
Depths 2 O.OOa 
Stations X Dates B6 0.05a 
Stations X Depths 4 1.54** 
Dates X Depths B6 0.02a 
Temperature Stations 2 B26.50** 
Dates 43 5757.51** 
Depths 2 559.50** 
Stations X Dates B6 42B.OO** 
Stations X Depths 4 27.75** 
Dates X Depths B6 25.00** 
** Significant at the 99 percent level. 
a Not significant at the 99 percent level. 
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Table 4. Analysis of variance between Stations 1 and 2 for dissolved 
oxygen, carbon dioxide, alkalinity, pH, and temperature, 
Newton Reservoir during 1967-1968 
Source of Variation : I!>F F Value 
Dissolved oxygen Stations 1 1.61a 
Dates 43 7.62** 
Depths 5 17.74** 
Stations X Dates 43 2.63** 
Stations X Depths 5 1.46a 
Dates X Depths 215 1.65** 
Carbon dioxide Stations 1 5·11* 
Dates 43 41.12** 
Depths 5 171.61** 
Stations X Dates 43 3·11** 
Stations X Depths 5 4.52** 
Dates X Depths 215 3.77** 
Alkalinity Stations 1 7.78** 
Dates 43 13.41** 
Depths 5 103.20** 
Stations X Dates 43 4.14** 
Stations X Depths 5 4.53** 
Dates X Depths 215 1.89** 
pH Stations 1 O.OOa 
Dates 43 O.OOa 
Depths 5 O.Ola 
Stations X Dates 43 0.05a 
Stations X Depths 5 O.Ola 
Dates X Depths 215 0.03a 
Temperature Stations 1 0.98a 
Dates 43 374.40** 
Depths 5 204.29** 
Stations X Dates 43 4.20** 
Stations X Depths 5 3·04* 
Dates X Depths 215 4.77** 
** Significant at the 99 percent level. 
* Significant at the 95 percent level. 
a Not significant at the 95 percent level. 
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Table 5. Mean temperatures (F) for Newton Reservoir, 1967-1968 
J J A S 0 N J F M . A~ . M., J. J . A S 
0 77 76 75 68 57 47 37 34 43 47 65 68 76 72 63 
5 73 75 74 67 62 47 37 34 43 47 64 67 75 72 63 
10 73 73 66 62* 47 37 35 43 47 62 64 70 63 (j) 
15 7 47 37 35 43 46 59 62 69 63 c+ III 
c+ 
20 47 37 35 42 46 57 61 64 63 1-'-0 
::l 
25 66 57 56 47 37 35 4D 45 5 61 63 I-' 
30 65 52 57 47 37 35 39 43 50 59 61 
35 55 50 60 51 54 47 35 36 39 44 48 50 56 55 61 
4D 50 49 53 50 52 46 35 35 38 41 43 47 45 51 52 
+l 45 47 47 48 48 49 45 34 35 36 38 39 44 42 45 49 Q) 
Q) 
r:r.. 
-~ 0 75 78 76 68 57 47 - - 43 47 62 70 76 71 63 
.c: 5 74 74 75 68 57 47 - - 43 47 60 69 75 70 63 +l 
0- (j) 
Q) 10 73 71 75 66 52 47 43 46 56~6 63 c+ 0 - - III c+ 
15 72 67 73 67 52 47 42 46 54 59 67 64 63 1-'-- g 
20 ~O 66 5i 47 - - 4D 45 51 57 64 62 62 l\) 25 59 7 64 52 47 - - 4D 45 51 57 64 62 62 
30 64 54 62 59 49 47 - - 39 41 45 51 58 58 60 
35 56 47 58 54 47 47 - - 39 41 44 48 50 54 54 
0 76 78 76 69 57 45 - - 43 48 58 66 75 72 63 (j) 
c+ 
5 76 74 74 69 55 46 43 47 57 67 74 72 63 III - - c+ 1-'-
10 75 71 74 69 55 46 47 56 63 70 70 70 63 0 - - ::l 
15 73 68 70 69 56 46 42 46 52 62 64 VJ - - -
*Thennocline = 
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The concentrations of dissolved oxygen in Newton Reservoir during 
this study followed the pattern which most small productive lakes 
adhere to during the year (Figure 3). The mixing effect of the spring 
turnover creates a homogeneous condition throughout most of the reser-
voir. During summer stratification, oxygen is lost from the hypo~ 
limnion; the amount lost, or oxygen deficit, increases with depth. 
The resulting distribution is termed clinograde. It seems probable 
that since most organic matter sinks into the hypolimnion (dying and 
sinking plankton, etc.) the rate of oxygen uptake is due mainly to 
bacterial respiration. After the dissolved oxygen is depleted, 
anaerobic decomposition continues with the production of carbon dioxide, 
methane, and hydrogen sulfide. With the advent of fall, the turnover 
destroys · the stratified oxygen gradients and a homogeneous condition 
again exists. During winter, oxygen concentrations again stratify but 
to a lesser extent as compared to summer. 
Dissolved oxygen was present in amounts adequate for fish survival 
(above 3 ppm) to a depth of 10 feet during all sampling periods except 
one (Table 6). Oxygen concentrations were 1.5 ppm near station 3 on 
September 8, 1967. 
In Newton Reservoir the supply of dissolved oxygen is largely 
renewed during the fall (November) and spring (March) turnovers. Be-
cause of the greater magnitude of the anaerobic zone during summer 
(August) the renewal during the fall turnover results in lower oxygen 
concentrations when compared to concentrations found during the spring. 
Generally, highest oxygen concentrations were recorded at Station 
3. This appears to be related to turbulence created by winds and 
greater photosynthetic activity in the shallow areas. 
27 
Table 6. Mean dissolved oxygen concentrations for Newton Reservoir, 
1967-1968 
J J A SON J F M A M J J A S 
o 9.0 10.5 7.T'3.7 5.0 7.09.5 7.0 9.5 10.2 8', ~5- ' H:0 10.0 "8.0 ' 4.7 
5 9.0 10.7 7.0 3.7 5.0 7.0 9.0 6.5 9.0 10.2 8.5 7.6 8.5 6.3 4.7 
10 8.0 8;5 5.53.0 5.0 7.0 8.0 5.5 9.0 9.5 8.'5 6.0 6.2 4.3 4.7 
15 3.0 5.5 2.0 2.2 5.0 7.0 7.5 4.0 8.0 9.5 7.7 2.6 3.0 2.0 4.2 
20 1.0 7.0 9.27.2 
.-l 25 0 7.0 9.2 6.7 
E-< 
~ 
i:=l 
4D 
45 
0.0 0.0 
0.0 0.0 0 0 3.7 7.0 0 
3.0 7.0 
o 11.0 10.2 7.5 4.2 5.2 7.7 -
5 11.0 10.0 7.2 3.8 5.2 7.7 -
ES Il-c 10 8.0 8.5 4.5 3.2 5.2 7.7 -
I%l 
t=I • .l5 4.0 6.0 2.5 2.5 5.0 7.7 -
20 1.0 1.5 0 2.2 5.0 7.7 -
N 
c 25 0.0 "7 4.7 7.7 -
o j 30 0.0 0.0 o. 4.4 7.7 -
cO 
~ 35 0.0 0.0 O. 4.1 7.7 -
o 12.0 12.79.5 4.5 7.0 8.2 -
§ 5 12.0 10.5 6.5 3.5 6.7 8.2 -
j 10 7.0 6.0 3.0 2.2 6.7 8.2 -
cQ -A... ~ 15 4.0 2.0 1.0 JO.~ 6.6 8.2 
*Anaerobic zones ---
5.0 8.8 6.2 
8.5 5.5 
4.0 8.3 3.2 
4.0 8.0 2.9 
9.0 10.0 8.7 11.0 10.0 8.0 4.7 
9.0 10.2 8.5 8.6 9.0 7.3 4.7 
8.0 10.2 8.5 5.3 5.5 4.0 4.5 
7.0 9.5 7.2 2.3 2.7 1.6 4.5 
6.0 9.2 7.2 
6.0 8.7 6.5 
5.5 8.2 5.0 
5.0 8.0 4~2 
9.0 11.0 9.5 11.6 11.0 9.0 5.7 
- 10.0 10.5 9.0 8.6 9.5 7.5 5.7 
- 10.0 10.1 8.7 5.0 4.5 4.7 5.2 
- 10.0 10.1 8.0 3.0 ~ -
Dissolved oxygen was significantly different (P~~ O.Ol) at each 
station for different depths through time. Non-significant results of 
the analysis of variance in Table 4 indicate that there is no differ-
ence in the concentration of dissolved oxygen for Stations 1 and 2 and 
their depths. 
Carbon dioxide 
A number of nonmetallic oxides, halogens, and organic substances 
when dissolved in water, form compounds which when dissociated increase 
"-
the concentration of hydrogen ions. In natural waters the most 
important of such oxides is carbon dioxide (Hutchinson, 1957). Carbon 
dioxide enters into combination with water to form H2C03, carbonic ~ . 
,. + -
acid, which dissociates into~ and HC03 ions. The forms and quanti-
ties in which it occurs and its combinations with calcium have been 
the subject of much study. Various authors including Juday (1935) 
have published the results of extensive field studies describing the 
role carbon dioxide plays in the metabolism of lake waters • 
.. The concentrations of dissolved carbon dioxide and carbonic acid 
have a marked effect on fish. In their migration, fish tend to 
respond negatively to slight gradients in carbon dioxide tension 
(Powers, 1934). Powers (1938) investigated the "toXic . ~ffects ,'of carbon 
dioxide on fishes and suggests that sudden increases have a pronounced 
negative effect on the respiration of fishes. Lagler (1950) indicates 
that free carbon dioxide in excess of 20 ppm may be harmful to fish in 
fresh wate~, but when the dissolved oxygen content drops to 3 ppm to 
5 ppm, lower carbon dioxide concentrations may be detrimental. The 
presence of carbon dioxide may, at times, have a beneficial effect 
insofar as fish are concerned. McKee and Wolf (1963) cite several 
investigators who conclude that carbon dioxide lowers the pH and conse-
quently the un-ionized ammonia in certain waters. One study shows that 
30 ppm of carbon dioxide reduced the toxicity of ammonia to trout by 
lowering the pH value (McKee and Wolf, 1963). Another study has shown 
how increased carbon dioXide decreases the level to which oxygen can 
be removed from water by fish (Powers, 1938). 
According to Ruttner (1963) whenever a chemical gradient of 
biogeniC origin occurs in nature, the distribution of dissolved oxygen 
and carbon dioxide are nearly opposite each other. This distribution 
is well demonstrated in Newton Reservoir. When the reservoir strati-
fies carbon dioxide increases with depth. The concentrations of carbon 
dioXide ranged from 0.0 ppm at the surface to 40.0 ppm on the bottom. 
In general, concentrations of carbon dioxide were lower at Station 3 
than the other stations. It seems probable that greater concentra-
tions of carbon dioxide found in deep water would indicate a more 
active anaerobic metabolism occurs in this region. 
During stratification, concentrations of carbon dioXide in the 
epilimnion ranged from 0.0 ppm to 20.0 ppm, and in the hypolimnion 
from 15.0 ppm to 40.0 ppm. During the fall and spring turnover, high 
concentrations (21.0 ppm and 32.0 ppm) of carbon dioxide were uni-
formly distributed throughout the vertical water columns. Carbon 
dioxide was found to be significantly different by stations at depths 
and through time (Tables 2, 3, and 4). 
Alkalinity 
Alkalinity or buffering capacity, is a measure of the capacity of 
a solution to neutralize hydrogen ions of a natural water. It is 
expressed in terms of an equivalent amount of calcium carbonate. 
Alkalinity is caused by the presence of carbonates, bicarbonates, 
hydroxides, and to a lesser extent by borates, silicates, phosphates, 
and organic substances. 
It is generally recognized that the most productive waters of 
diversified aquatic life are those with pH values between 7 and 8, 
with a total alkalinity of 100 to 120 ppm or more (Barrett, 1952). 
This alkalinity serves as a buffer to help prevent any sudden changes 
in_pH value, which might cause death to fish or other aquatic life. 
Chandler (1941) believes that alkalinity, when caused almost entirely 
by bicarbonates, does not have any harmful effects upon plankton and 
other aquatic life. 
Total (methyl orange) alkalinity for Newton Reservoir ranged 
from 188 ppm to 307 ppm and varied considerably with respect to loca-
tion, time, and depth of sampling (Tables 2, 3, and 4). In general, 
concentrations of alkalinity increase with depth. Alkalinity in the 
epilimnion typically range from 188 ppm to 239 ppm, while in the hypo-
limnion concentrations range from 256 ppm to 307 ppm. 
Hydrogen-ion concentration 
The recorded pH in natural waters ranges from 1.7 in Katanuma, 
Miyagi, a volcanic lake in Japan, to 12.0 in Lake Nakuru, Kenya, a 
closed lake in the Rift Valley (Hutchinson, 1957), Hydrogen-ion 
values of most inland waters containing fish range between 6.7 and 
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S.6, with extremes of 6.3 and 9.0 (Ellis, 1937). However, Cole (1941) 
states that fish are euryionic and can live in a wide pH range, with 
limits as broad as 4.7 to $.7. The greater percentage of United states 
water appears to be on the basic side (McKee and Wolf, 1963), presum-
ably due to the presence of the carbon dioxide-bicarbonate-carbonate 
system. 
The permissible range of pH for fish depends upon many factors 
such as temperature, dissolved oxygen, prior acclimatization, and the 
content of various anions and cations. McKee and Wolf (1963) cite 
Rudolfs (1953) who believes that a range of 6.5 to S.4 is the range 
tolerated by most freshwater fish. 
The pH values for Newton Reservoir fluctuated little throughout 
the study with respect to location, time or depth (Tables 2, 3, and 4). 
Generally, the pH curve was clinograde, with extremes of S.5 in the 
limnetic waters to 7.0 in the hypolimnion. When the bicarbonate 
alkalinity is high and the trophogenic zone productive, the consequent 
high production of carbon dioxide in the hypolimnion causes a relatively 
small lowering of the pH of well-buffered water (Hutchinson, 1957). 
Hutchinson's observations apply to Newton Reservoir, where, during 
summer stratification, oxygen is depleted, carbon dioxide is produced 
and the pH decreased slightly from the limnetic waters to the hypo-
limnion. 
Hydrogen sulfide 
Hydrogen sulfide is a flammable, poisonous gas with a characteris-
tic odor of rotten eggs. It is highly soluble in water, to the extent 
of about 4000 ppm at 20 C and one atmosphere. 
McKee and Wolf (1963) cite two authors, Haydu et al. (1953) who 
believe that the maximum concentration of hydrogen sulfide tolerated 
Without inJury by the most sensitive fish is about 0.3 ppm, Murdock 
(1953) sets the critical conoentrat1on at 0.5 to 1.0 ppm. Belding 
(1927) reports a hydrogen sulfide concentration of 0.86 ppm toXic to 
trout in 24 hours, and Ellis (1937) found that trout die Within 15 
minutes when exposed to 10.0 ppm hydrogen sulfide. Belding (1927) 
also found that carp die in 24 hours when exposed to a concentration 
of 6.25 ppm hydrogen sulfide. The minimum lethal concentration for 
Daphnia magna is 1.0 ppm (Ellis, 1937). 
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A considerable part of the circulating sulfur of the biosphere is 
converted from sulfate to hydrogen sulfide by sulfate-reducing 
bacteria (Hutchinson, 1957). The sulfate-reducing bacteria are 
anaerobic and heterotrophic, using sulfate as a hydrogen acceptor in 
metabolic oXidation. Sulfates in lakes and reservoirs vary a great 
deal but are generally contributed by rainwater, runoff water, 
fertilizers, sedimentary rocks, and decomposing organic material. 
The production of hydrogen sulfide takes place primar1ly in 
deoxygenated regions of low redox potential (Hutchinson, 1957). 
Whenever quantities of organic matter settle into the hypolimnion dur-
ing summer stratification or when large amounts of sulfate are present 
and can undergo reduction, appreciable amounts of hydrogen sulfide may 
be present in the deep water (Hutchinson, 1957). Often this will have 
all been produced from the mud, but in some lakes it appears that 
sulfate reduction can occur in free water also. 
In Newton Reservoir, hydrogen sulfide was present in the anaerobic 
hypolimn1on dur1ng both summer and Winter stratification. Generally, 
hydrogen sulfide concentrations .. increased from 0.5 ppm in the upper 
regions of the hypolimnion to 5.0 ppm at the mud-water interface. 
Although the hydrogen sulfide test unit was limited to an upper range 
of 5.0 ppm, concentrations were believed to be greater. Primary 
sources of the sulfate ion for the eventual reduction to hydrogen 
sulfide in Newton Reservoir come from the runoff of Clarkston Creek 
(which has an average sulfate content of 1.59 ppm during summer, 
Thorne and Thorne, 1951), commercial fertilizers, and algae blooms. 
Total hardness 
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Total hardness varied from 393 ppm to 461 ppm Without any evident 
trends. 
Secchi disk readings 
Use of the Secchi disk has become a Widely accepted means of com-
paring the visibility in different waters or comparing the same water 
at different times (Welch, 1935). The method is not free of subJec-
tive factors since time of day, condition of the atmosphere, roughness 
of the water, and difference of observers may introduce a considerable 
error. Yoshimura, using the data of Birge and Juday, concludes that 
the Secchi disk disappears at about the level of penetration of 5 per-
cent solar radiation (Hutchinson, 1957). The recorded range of Secchi 
disk transparencies is from a few cent1meters in a very turbid lake to 
41.6 met~rs in Lake Masyuko, Japan (Hutchinson, 1957). Many of the 
more transparent lakes are seepage lakes (Hutchinson, 1957). This is 
due to the absence of s1lt-laden 1nfluents. 
Sec chi d1sk measurements were taken primarily at the three sampl-
ing stat10ns 1n Newton Reservo1r. The general pattern appeared to be 
one of lower readings at the upper end of the reservoir (Station 3). 
The minimum value recorded was during the last two weeks in June, 1967 
(visibility, 2 inches in 15 feet of water at Station 3). The maximum 
recorded value was 15 feet and 1 inch, which occurred in late May at 
Station 1 in 50 feet of water. The lower readings at the upper end 
of the reservoir appear to be related to higher concentrations of 
particulate matter (seston and bottom material) kept in suspension by 
wave action and the influent of Clarkston Creek. It appears that, at 
all locations, variations in seston accounted for most of the seasonal 
variations in Secchi disk readings. Generally, average values for 
Secchi disk transparencies for Newton Reservoir were from 3 to 6 feet. 
FISH POPULATIONS 
Methods and Materials 
The study of the largemouth bass population of Newton Reservoir 
is based on a total of 80 specimens. Since complete data were not 
taken on all fish, discrepancies in the number of fish in different 
tabulations occur. The numbers of fish used in the maJor tabulations 
were as follows: total length-scale relationship, 74; total length-
weight relationship, 80; and analysis of stomach contents, 44. 
Collection of samples 
About 60 percent of the largemouth bass used in the study were 
taken With hook and line. The remainder were taken With electric 
shockers, seines, an experimental gill net, and chemical poisoning 
With rotenone. 
Two types of electric shockers were used. A portable AC genera-
tor made by Georator, Masassas, Virginia, produced 110/230 volts, 
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12.5 amperes maximum. A boom-type electric shocker, AC With 230 
volts, 11 amperes, fitted With stainless steel electrodes, was mounted 
on an ·-18 foot, aluminum flat bottom boat. 
Three beach seines were used. The 10-foot seine was made of 
nylon with a 1/4 inch bar mesh. The 60-foot seine was made of heavy 
cotton tWine, With a 1/2 inch bar mesh. The 120-foot bag seine had 
Wings of 1 inch bar mesh and a bag of 1/2 inch bar mesh; the bag was 
approximately 6 X 6 feet and about 14 feet long. 
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The floating experimental gill net used was 125 feet long, with 
five 25 foot sections with bar mesh sizes of 3/8, 5/8, 7/8, 1 1/2, and 
2 1/4 inches. 
One bay and six shoreline stations were chemically poisoned using 
a powdered derris root with a rotenone content of 5 percent. The 
rotenone was applied with a 10 gallon, double action pump, capable of 
spraying 50 feet or more. 
Sampling and results 
Fish sampling on a sound statistical basis was not feasible since 
personnel and available equipment were limited. Nevertheless, it was 
felt that a good cross section of the population was sampled. 
Largemouth bass taken by angling indicate they feed actively in 
the mornings and evenings in Newton Reservoir, especially in the early 
spring and late fall. Among anglers interviewed, the catch of large-
mouth bass per hour was low. This is likely a result of low popula-
tion, abundant food supply, turbidity, and angler interest in other 
fish. Trolling, casting, and still fishing was tried at all hours, 
particularly during the months of May, June, September, and October of 
1967 and 1968. Of the above techniques, casting from the shore was 
the most efficient, while still fishing with baits favored catches of 
carp and bullheads. A total of about 80 angling hours yielded 49 
largemouth bass. Area A proved to be more productive to hook and line 
fishing when compared to areas Band C of the reservoir (Figures 2 and 
4). Lures such as the black and white, gold and silver mepps spinner, 
muddler minnow, Johnson silver spoon, hula-poppers, jitter-bugs, and 
imitation crayfish were the best bass catchers in Newton Reservoir. 
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Electrofishing with the boom-type shocker on August 24, 1967, 
yielded approximately S700 black bullheads, 6800 carp, 2650 Utah 
suckers, and 5 largemouth bass. The portable shocker on October 3, 
1965, took 324 black bullheads, 1071 carp, and 26 largemouth bass. 
Seining was relatively ineffective for taking largemouth bass but 
more successful in capturing black bullheads, carp, and Utah suckers. 
On October 4, 1967, the northern bay (Figure 2) was seined and 
yielded 36 black bullheads, 23 carp, S Utah suckers, and 2 largemouth 
bass. Seining the same bay on September 29, 1965, yielded 19 black 
bullheads and 14 carp. 
No permanent fish sampling stations were established but an 
attempt was made to set one to three gill nets randomly over the 
reservoir each month (Table 7). The duration of the sets ranged from 
12 to 24 hours. All gill net sets were made on the surface in both 
pelagic and littoral waters. 
Chemical poisoning with rotenone was very successful for most 
species of fish except adult black bullheads. Others have also found 
this species to pe resistant to rotenone (Clemens and Martin, 1953; 
Scidmore, 1955). Six permanent spot poisoning stations were set up 
and sampled once in June and July, 1965 (Figure ,5). These stations 
were chosen to sample different substratams ia.the reservoir. The 
application of approximately 1 ppm rotenone to approximately 20 feet 
of shoreline at each station was effective in taking young-of-year 
carp, bass, and black bullheads. The northern bay of the reservoir 
was also effectively poisoned using the same concentrations of 
rotenone. Across the mouth of the bay a very heavy concentration 
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Table 7. Experimental gill netting results in Newton Reservoir from 
July, 1967, to October, 1968 
SPECIES AND NUMBER PER NET HOUR 
Net Utah Largemouth Total 
Year Month Hours Carp Bullhead Sucker Bass Fish 
'67 Jul 10 18 0·55 1.27 0.38 0.00 40 
Jul 30 15 2.33 1.93 0.73 0.00 75 
Aug 8 18 1.38 2.83 0.72 0.00 89 
Aug 29 12 0.16 0.25 3.40 0.00 46 
Sep 29 17 0.47 7.00 0.58 0.00 137 
Oct 6 12 1.50 1. 58 0.08 0.08 39 
Oct 29 21 1.52 0.57 0.09 0.00 46 
'68 Nov 1 24 2.20 1.54 0.08 0.00 92 
Apr 5 12 1. 58 1.91 0.00 0.25 45 
Apr 24 20 1.35 0.60 0.00 0.00 39 
May 15 13 3·23 2.23 0.00 0.00 71 
Jun 3 22 1.13 0·31 0.00 0.04 33 
Jul 4 18 1.66 0.16 0.00 0.00 33 
Jul 29 13 3.15 1.00 0.00 0.15 56 
Aug 19 12 1.08 0.58 0.00 0.08 21 
Aug 30 23 1.00 0.21 0.00 0.04 29 
Sep 15 11 1.00 2.00 0.00 0.00 33 
Oct 1 12 2.58 0.41 0.00 0.16 38 
TOTALS 293 27.87 26.38 6.06 0.08 962 
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(approximately 3 ppm) of rotenone was applied and then thoroughly mixed 
into the deeper water with the use of an outboard motor. Then working 
slowly behind the barrier, rotenone, at approximately 1.0 ppm, was 
applied to the surface waters from shoreline to shoreline until the 
entire bay had been covered. The fish were collected as they came to 
the surface. Carp, bass, and black bullheads were put in rotenone 
free water after they had shown a definite distress to the rotenone. 
It became evident during this procedure that black bullheads recovered 
after being distressed while other species died. Adult black bull-
heads, after having been in the poisoned bay for more than 1 hour, 
swam through heavily poisoned water, apparently unaffected by the 
toxicant. 
It is difficult to secure quantitative data on the abundance of 
fish in large reservoirs. The following remarks are based on informa-
tion from all sources. The adult populations of either the carp or 
black bullhead exceeded the numbers of mature individuals of all other 
species during the period 1967-196S. Considering numbers of individuals 
before the two fish kills which occurred early in 1967, the carp rank 
first, followed by black bullheads, Utah suckers, rainbow trout, and 
largemouth bass, in that order. Since the fish kills apparently 
eliminated all of the rainbow trout and all of the Utah suckers (none 
were observed during 1965), the relative abundance for 1965 differs 
from 1967. For 1965, carp again would rank first, followed by black 
bullheads and largemouth bass. 
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Collecting and analyzing data 
Standard methods as described by Lagler (1956) were used in 
analyzing age and growth and food habit data. One Chatillon spring 
type scale of 2 kilogram capacity was used for weighing the heavier 
specimens. The smaller fish were weighed on a weight balance scale 
accurate 0.1 gram. Total length measurements were made of each fish 
immediately after capture, using a standard measuring board, graduated 
in millimetersii. Total length" as used in this study is that distance 
from the tip of the snout to the tip of the caudal fin compressed. 
All other pertinent data concerning date, place, and method of capture 
were recorded at the time of catch. 
The ages of largemouth bass were determined by examining scales. 
The annulus of this species is similar in appearance to that of other 
sunfishes. It consists of interrupted ridges or circuli, followed by 
a complete circulus which is laid down as growth is resumed in the 
spring or early summer. The "cutting over" created by this pattern of 
growth is most apparent in the anterior field. Scale samples were 
tak~n from an area on the right side, just below the lateral line and 
directly beneath spinous dorsal fin. Scale samples were taken from 
only enough young bass to represent their size group when establishing 
body-scale relationship. The scales were soaked in water and cleaned 
by rubbing them between the thumb and forefinger. Approximately four 
scales were mounted dry on a microscope slide. A Bausch and Lomb 
micro-projector at a magnification of 27X was used to read each scale 
twiee, the second time without reference to the first. Data on ten 
fish were discarded because of an inability to interpret certain scale 
information with confidence. Paper tag strips were used to mark 
annuli from the projected scale image and growth calculations were 
made by use of a curvilinear nomograph constructed from the empirical 
data obtained from the body-scale relationship (Carlander and Smith, 
1944). 
The food habits of the largemouth bass were studied by analyzing 
the stomach contents of a fish in each size class. Stomachs were 
removed from specimens immediately after capture and preserved in 
10 percent formalin. Organisms contained in each stomach were 
identified to genus, where possible, and when it was impractical to 
count the total number of a certain organism, the number was estimated. 
Identification of stomach contents was made with the aid of a binocular 
microscope. Frequency of occurrence was recorded and volumetric 
determinations were obtained by measuring water displacement, in 
graduated centrifuge tubes. No effort was made to detect seasonal 
variation in the diet, however, food analyses were made from fish 
taken from all areas over the reservoir during the study. 
Sampling of benthic organisms were by Ekman dredge and a series 
of sorting screens. 
Food Habits 
Stomach contents were grouped into two major categories: animal 
and plant (Table 8). These categories were then classified into even 
smaller taxa for detailed comparisons. 
The largemouth bass of Newton Reservoir, ranging in size from 
16 to 456 mm, were largely carnivorous. Even for young fish, plant 
material amounted to less than 8 percent by occurrence. Nearly 57 
percent of the diet by volume of largemouth bass was fish. Kramer 
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Table 8. Food of 40* largemouth ba~s from Newton Reservofr, taken 1n 
1967-1968. Based on percentage of total numbers, percentage 
of total volume, and percentage of frequency of occurrence 
Food Number Volume Occurrence 
An1ma1 93 97.5 100 
F1sh 21 56.5 23 
Largemouth bass 15 34 16 
Carp 6 22.5 7 
Arthropods 74 41 87.3 
Insects 23 7.7 57.4 
D1ptera 14.7 0.9 23.1 
Ch1ronomus 
Coleoptera 5.1 4.6 18.7 
Dyt1scuS 
Hem1ptera 3.2 2.2 16.3 
Notonecta 
Crustaceans 51 33.3 29.9 
Cambarus 40.3 19.2 22.1 
Gammarus 6.4 8.8 21.7 
Da:ehn1a 3.0 3.1 18.1 
Bosm1na 1.3 0.9 4.5 
Plants 6.7 3.8 7.7 
Nostocaceae 1.3 10.4 
Anabaena 0.4 3.5 
A:ehan1zomenon 0.9 7.1 
Ceratiaceae 1.0 10.0 
Cerat1um 
Desm1dlaceae 0.2 1.7 
C1oster1um 
Fragl1arlaceae trace 1.1 
Fragl1arla 
*An add1t1ona1 four f1sh had empty stomachs. 
and Smith (1962) found that fish first appeared in the diet when bass 
were 20 mm long. The present study revealed that fish first appeared 
in the diet when bass were 34 mm long. Murphy (1949) found fish were 
almost the exclusive food of bass over 71 mm long in Clear Lake, 
California, With arthropods making up 41 percent by volume. In the 
present study, insects played a minor role compared to crustaceans 
which accounted for 33.3 percent of the diet by volume. Crayfish, 
Cambarus sp., were exceedingly abundant and frequently were utilized 
as food. Daphnia spp. and other plankton were present in fish which 
ranged in size from 16 to 60 Mm. McCammon, La Faunce, and Seeley 
(1964) found plankton to be the most important food for bass between 
45 and 66 mm in length. 
Percent frequency of occurrence of total number of organisms and 
percent by volume of total stomach contents were examined by length 
classes (Figures 6 and 7). Size classes were arranged in groups and 
the latter lengths were expanded as the diet of the largemouth bass 
became less variable With increased length. 
Stomachs analyzed for the length classes 16 to 20 mm, 21 to 30 mm, 
31 to 40 mm, 41 to 60 mm, and 61 to 80 mm by percent frequency were 
dominated by arthropods (Figure 6). However, the 61 ~o 80 mm group 
contained more fish by percent by volume (Figure 7). It is in th1s 
length class, at approximately 70 mm that largemouth bass in Newton 
Reservoir become more dependent on f1sh for the1r diet. As the lengths 
of largemouth bass progreSSively exceeded 70 mm, the stomach contents 
were 1ncreasingly dominated by fish. It can be implied here that 
older age groups, wh1ch were made up of greater length classes, 
contained a greater percentage of fish than the younger age class. 
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Evaluation of Spawning Areas 
Although about 90 percent of the reservoir is a mixture of 
calcareous clay, organic detritus and black muck, this substratum is 
limited to the profundal area (Figure 1). The littoral zone, the area 
used by largemouth bass for spawning, is characterized by boulders, 
rubble, coarse and fine gravel, and sand. Wave-swept shorelines 
(northwest shores) have dense mats of debris and detritus. During May 
and June the water level of the reservoir is at its peak and the 
shorelines harbor extremely dense thickets of Salix spp. and other 
brush. Gravel and rubble areas appear to be ideal for largemouth bass 
spawning in Newton Reservoir although largemouth bass do spawn on a 
variety of substrates (see section on Spawning Success). Swingle and 
Smith (1943) found largemouth bass spawning on gravel, sand, firm clay, 
leaves, roots, brush, and similar materials in Alabama ponds. Kramer 
and Smith (1962) found the highest egg survival (92 percent) of large-
mouth bass was on needlerush, while the lowest survival (70 percent) 
was on sand. It appears the substratum of the littoral zone of Newton 
Reservoir is characterized by material that favors successful bass 
spawning. Kramer and Smith (1962) also found that nearly all unsuc-
cessful nests in Lake George, Minnesota, were due to effects of wind 
action • . Although the wind-swept shorelines of Newton Reservoir are 
predominately characterized by material (debris, detritus, gravel, 
etc.) that is easily moved by the molar action of waves, the charac-
teristically narrow widths of the reservoir inhib1t any great bUild-
up of waves and, therefore, inhibit strong molar activity. Direct 
observation during extremely windy conditions confirmed this. 
Spawning Success 
Fish from the 1964 through 1968 year classes were found; the 
author could not account for the absence of the 1963 year class. 
Absence of this year class may not be attributed to selectivity of 
gear since a wide variety of sampling devices were employed over the 
entire reservoir. Possibly, heavy predation of fingerling bass by 
large fish, primarily trout, account for the failure to sample fish 
from the 1963 year class. However, the largemouth bass in Newton 
Reservoir have had moderate spawning success in 1967-1968. Results of 
spot-poisoning with rotenone at six widely dispersed stations in June 
and July of 1968 lend support to the above conclusion. On these two 
dates a total of 328 largemouth bass young-of-year were recovered. 
Eighty-five percent of the young fish were taken from gravel and rubble 
substrata. The lowest percentage was from a mud-sand substratum. 
The author tried repeatedly to find and observe bass nests during 
the 1968 spawning season. However, even with the aid of an "under-
water viewer" no nests were observed. The dense growth of willow and 
other brush in the littoral zone could have been a strong limiting 
factor. 
Age and Growth 
Body-scale relationship 
The largemouth bass ranged from age I through IV (Table 9). The 
fish ranged from 51 to 456 mm total length. Sampling during 1967 and 
1968 failed to produce specimens from the 1963 age class. The 
relationship between the total length and the anterior scale radius 
(X27) of each fish was determined to serve as a basis for back 
calculating growth data. The scale radii as measured on the paper 
strips were arranged in 20 mm intervals. A regression line having a 
Y-intercept (length axis) of 14.2, determined by the least squares 
method, fit the plotted data (Figure S). The body-scale relationship 
is a second-degree polynomial which can be described by the formula 
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2 y = 14.2S + 1.92x + 0.004x. This curvilinear line describes the data 
very well (r2-O.97S). Sigler (unpublished data, USU, Logan, Utah, 
1951), working with 413 largemouth bass of ponds in Cache Valley, 
Logan, Utah, described the body-scale relationship by the formula 
L = 19.0 + 1.57 + 0.00357x2, also a second-degree polynomial. In the 
present study, the 20 mm length groups at either end of the theoretical 
curve show the greatest disagreement, but are based on relatively few 
fish. The total length at each annulus was calculated with a special 
nomograph using an intercept of 14.2 
Table 9. Mean calculated total length and increments of length, in 
millimeters, of 74 largemouth bass from Newton Reservoir, 
Utah, 1967-196S 
Calculated lengths at end 
Number of Total length of lear of life 
Age Class Fish at capture 1 2 3 1+ 
I 6 S2 66.S 
II 30 lS5 73.0 140.7 
III 31 277 74.4 149.1 22S.0 
IV 7 429 117.4 245.0 323.4 375.0 
Grand average 74 S2.9 145.1 275.5 375.0 
Average annual increment S2.9 62.S 130.4 99·5 
Number of fish 74 6S 3S 7 
Total length in inches 3.4 5.7 10.S 15.6 
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Very little literature has been devoted to time of scale formation 
for largemouth bass. The writer had four specimens, one 16 mm, one 
17 mm, and two 19 mm in total length, without scales. Several speci-
mens 24 and 25 mm long had scales. 
Table 9 is a summary of the average calculated lengths and incre-
ments of growth for 74 largemouth bass. The fact that the data do not 
show Lee ' s phenomenon of apparent change of growth (Lagler, 1956) 
suggests that the sampling was not size selective. The growth of 
largemouth bass in Newton Reservoir is about the average of other 
determined rates (Calhoun, 1966). The growth rate is consistently 
greater in the older year classes than in the younger year classes 
(Table 9). For example, the calculated length at the first annulus of 
IV-year old fish (117.4 mm) is considerably greater than the length of 
the first year's growth for I-year old fish (66.S mm). Factors that 
might account for the decreasing growth rate of largemouth bass with 
time are increasing competition of rough fish and, or less available 
food in the reservoir. 
Sigler (unpublished data, 1951) has comparable growth rates for 
largemouth bass of Newton Reservoir. 
The relatively small sample of fish precluded determining whether 
or not a dominantu y·e.ar . class existed. 
Length-weight relationship 
It has been shown by Hile (1941) that the length-weight relation-
ship of various fishes may in general be expressed by an equation of 
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the following type: 
where W weight in grams 
L total length in millimeters 
c and n = constants 
The above formula was expressed mathematically by solving empirical 
data using logarithms and the least squares method, 
Log W -4.S262 + 2.99 Log L 
where W weight in grams 
_ ,L total length in millimeters 
The data are presented and summarized, with sexes and length groups 
combined in Table 10, whereas, in Figure 9, the actual weights and 
lengths are shown as dots. The curve is based on observed lengths 
and calculated weights derived from the above formula. Variations due 
to sex, age, and time of year sampled, were not included. 
The coefficient of condition" .K, was determined by the equation: 
where 
W105 
K 7 
W weight in grams 
L = standard length* in millimeters 
The K factor indicates the degree of plumpness or well being. That is, 
a relatively large K value represents a good condition of the fish. 
Since a high value of K indicates a good condition, it ' is 'possible to 
establish, within broad limits, the suitability of an environment for 
*Since standard lengths were not taken, the conversion factor, 0.S25S4, 
was used from Sigler's study (unpublished data, 1951) to convert total 
length to standard length for comparison purposes. 
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Table 10. Length-weight relationship and coefficient of condition (K) 
of 80 Newton Reservoir largemouth bass collected from 
August, 1967, to October, 1968 
Mean Tdtal '-
Weight in grams 1 
Observed Calculated 2 Mean K Number of Fish 
Length in mm mean mean 
27 0.3 0.3 2.81 10 
58 3 3 2.71 6 
67 4 4 2.40 1 
98 10 13 2.M 4 
140 29 39 2.49 1 
155 36 53 2.53 8 
176 73 77 2.53 4 
195 98 105 2.52 4 
211 141 133 2.52 5 
225 206 161 2.54 6 
253 211 229 2.51 6 
270 261 278 2.51 5 
296 376 365 2.51 11 
392 942 847 2.49 7 
452 1602 1296 2.50 2 
1Based on the empirical formula Log W = -4.8262 + 2.99 Log L. 
~ased on calculated mean weight. 
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Total Length in Inches 
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Figure 9. Length-weight relationship of largemouth bass from Newton 
Reservoir. Log W = -4.8262 + 2.99 Log L 
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a species by a comparison of the value for a specific locality with 
that for a region (Lagler, 1956). The average K factor value for 
largemouth bass of Newton Reservoir was 2.53. Sigler (unpublished 
data, 1951) found that the average K factor for 466 largemouth bass of 
warm, spring-fed ponds in northern Utah was 2.46. Carlander (1950) 
recognizes two studies which give K factor ranges for largemouth bass; 
an Iowa study recorded a range of 1.54-3.21 and a 1943 Michigan study 
recorded a range of 2.27-2.31. The K values of largemouth bass in 
Newton Reservoir appear to remain fairly constant as the length of 
the fish increase but the very small sample size would preclude making 
any definite statements. 
Stocking Success 
Nine thousand two hundred-fifty fingerling bass were stocked in 
Newton Reservoir in 1962 and 1964 by the Utah Fish and Game Department. 
On this basis, the reservoir was stocked at the rate of 36 fish per 
surface acre or 8 fish per acre foot. It has been the practice to 
stock farm ponds with largemouth bass in combination with other 
centrarchids, i.e., bluegill, crappie, usually at a rate of 100 bass to 
1000 bluegills per surface acre (Regier, 1963). 
The stocking of salmonids in the mid-forties furnished excellent 
fishing (personal interviews). However, during the mid-fifties, 
fishing success for these fish declined steadily and terminated in 
June of 1967 when a spring plant of 6311 rainbow trout was killed by 
oxygen depletion. 
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Fish Kills 
Newton Reservoir had two distinct fish kills in 1967, one early 
in the summer and another early in the fall. The first kill affected 
only salmonids which had been stocked that spring. Physical and 
chemical investigations of the water indicated that conditions of 
summer stratification were responsible for the kill. Intolerable water 
temperatures (83 F to 87 F) in the epilimnion and anaerobic conditions 
in addition to hydrogen sulfide production (5 ppm) in the pyPolimnion 
were the contributing factors. The greatest percentage of dead fish 
were found near the dam where the reservoir is deepest. 
Early in September, a second fish kill occurred and 612 Utah 
suckers, 497 black bullheads, and 25 carp were counted along the shore. 
The fish kill area was limited to the northwest section of the reser-
voir near Station 3. The cause for this kill was immediately sought, 
first by taking field data following a normal sampling procedure and 
second by running a 12-hour dissolved oxygen determination series, 
using a Van Dorn water sampler sampling at 3 foot depths, to account 
for possible nocturnal algae respiration . (Table 11). 
Table 11. Dissolved oxygen concentrations for 12-hour intervals, 
following a fish Rill on September 8, 1967 
Time (p.m.) Dissolved O2 ppm Time (a.m.) Dissolved O2 
6:00 6.0 1:00 3·0 
7:00 6.0 2:00 2.5 
8:00 5·5 3:00 2.5 
9:00 5.0 4:00 2.0 
10:00 3.5 5:00 1·5 
11:00 3.0 6:00 1.5 
12:00 3.0 7:00 2.0 
ppm 
Extremely low dissolved oxygen concentrations in the morning on 
September 8, 1967, the day after the kill, was probably the major 
reason for the kill. Two algae predominated the area, a dinoflagel-
late, Ceratium, and a blue-green, Aphanizomenon. Their numbers were 
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so great (5000 per 2 liters and 10,000 per 2 liters, respectively) that 
they imparted a "soupy green" color to the water. Both these algae 
are known to impart toxic substances which in past studies have been 
responsible for fish kills (McKee and Wolf, 1963). 
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PLANKTON 
A comprehensive study of the plankton was beyond the scope of this 
study. The obJectives were to determine the general distribut10n and 
relative abundance of the surface net-plankton of Newton Reservoir 
according to season. 
Methods and Materials 
The zooplankton were sampled on a qualitative, random bas1s. The 
phytoplankton were sampled on a monthly bas1s or whenever a noticeable 
water bloom occurred. A Van Dorn water sampler was used to take 
2 liters of water wh1ch were filtered through a plankton net made from 
number 25 bolting cloth. Nannoplankton were not sampled, other 
filtering devices would have been necessary to collect these forms. 
The sample was fixed in a 1 percent formalin solution. In enumerating 
the organisms, the field count was used for the abundant speCies, and 
the strip count for less abundant forms (as outlined in Standard 
Methods, 1965). Ident1f1cation of plankton forms was With the aid of 
Smith (1933), Pratt (1951), Pennak (1953), and Needham and Needham 
(1962). 
Results and Analysis 
Many different forms of phytoplankton and zooplankton were col-
lected and ident1fied from both surface samples and vert1cal hauls 
(Table 12). 
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Table 12. A qualitative list of phytoplankton and zooplankton in 
Newton Reservoir during 1967-1968 
Phytoplankton Zooplankton 
Aphanizomenon Daphnia 
Ceratium Cyclops 
Oscillatoria Bosmina 
Anabaena Conochilus 
Spirogyra 
Closterium 
Fragilaria 
Navicula 
Ankistrodesmus 
A predominance of the blue-green algae was encountered during the 
study. Blue-green algae characteristically occur in quantity in lakes 
and reservoirs of the cultivated plains rather than in those of virgin 
and rugged terrain (Hutchinson, 1957). Hutchinson also feels that this 
algae group, with few exceptions, is characteristic of waters that are 
highly productive. Hasler (1947) found that in many cases, lakes which 
once produced small or no water blooms, now produce excessive quanti-
ties of Aphanizomenon, Anabaena, and other blue-green algae, apparently 
a result of the leaching of agricultural fertilizers and of the inflow 
of sewage and other nutrients. Similarily, Newton Reservoir has 
experienced these noticeable water blooms in only the last few years 
(personal interviews with Newton residents). The fluctuation in major 
species by number throughout the months from June, 1967, to September, 
1968, are expressed in terms of plankton per 2 liter sample (Figure 10). 
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Aphanizomenon and Ceratium were the most numerous plankters. 
Higher densities of these species were found in 1967 than 1968. 
Ceratium consistently appeared as a summer form and was generally most 
numerous at Station 3. Water blooms of this species occurred in July 
of both years. Interesting enough, Ceratium, among others, has been 
found to produce substances that limits the diversity of phytoplankton 
in small productive lakes (Hutchinson, 1957). This might be, in part, 
an explanation for the observed low species diversity in Newton 
Reservoir. Cooler water appeared to favor Aphanizomenon in the fall or 
early winter. Highest concentrations of this species generally were 
found in September and at Stations 1 and 3. 
Partial explanation for the observed seasonal pulses of phyto-
plankton may be that they are in response to the spring and fall turn-
overs, where a maxima of nutrients are released as turbulence estab-
lishes a homogeneous condition with the reservoir (Figure 3). It 
appears that Station 3 accounted for the highest densities of phyto-
plankton when compared to Stations 1 and 2. Because Station 3 is 
considerably more shallow than the other stations, it is more acutely 
affected by climatological conditions. As a result, Station 3 
experiences higher temperatures than the other stations and this per-
haps partially explains the high phytoplankton densities found there. 
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SUMMARY AND CONCLUSIONS 
The obJect1ves of th1s study were to descr1be the water chem1stry 
net-plankton, and to determ1ne the present f1sher1es With part1cular 
reference to largemouth bass. 
The work was done 1n Newton Reservo1r, Cache County, Utah, over a 
per10d of 16 months. Measurements were made of the water chem1stry, 
the d1str1but1on and relat1ve abundance of net-plankton, reproduct1on, 
age, and growth, and food hab1ts of largemouth bass. 
C11mate of the area 1s sem1-ar1d, With an average annual rainfall 
of 18 0 6 1nches at nearby Logan, Utah. Air temperatures are moderate, 
character1st1c of m1d-temperate areas. 
For the past 22 years, the reservo1r has been used as an 1rr1ga-
t10n storage reservo1r o Fluctuations 1n the level of Newton Reservo1r 
are about 4 feet annually, due largely to 1rr1gat1on draw down. ~ght 
spec1es of f1sh have been found 1n the reservo1r or 1ts tr1butar1es. 
Adverse water chem1stry (02 depletion and high temperatures) caused 
the trout to d1sappear 1n 1967. Today, the carp and black bullhead 
are the most abundant f1sh spec1es 1n the reservo1r and the largemouth 
bass and black bullhead are the most popular game spec1es. 
Newton Reservo1r rece1ves water from clear mountain spr1ngs. 
About 90 percent of the bottom type 1s calcareous clay, organic 
detr1tus, and black muck o At present, the reservo1r covers about 297 
surface acres when full. It has a max1mum-m1n1mum depth of 65 and 10 
feet, respect1vely. Water temperatures range from the low 30's to the 
mid 80's F. The reservoir typically stratifies during the summer 
and winter. Ice usually covers the reservoir from December to March. 
Dissolved oxygen concentrations varied considerably. The limnetic 
waters displayed a clinograde oxygen curve. Generally, the northwest 
end of the reservoir exhibited the highest oxygen concentrations, this 
is believed to be related to turbulence created by winds and greater 
photosynthetic activity in the shallow waters. The analysis of carbon 
dioxide concentration showed the reverse of the oxygen curve, or an 
increase in concentration with depth. Total alkalinity varied greatly 
with respect to location, time, and depth. Generally, concentrations 
were greater near the influent of Clarkston Creek. The presence of 
basic salts gives the water a pH of 7.0 to 8.5. Hydrogen-ion values 
fluctuated least with respect to location, time and depth. High con-
centrations (5.0 ppm) of hydrogen sulfide were present in the anaerobic 
hypolimnion during both summer and winter stratification. Total hard-
ness varied from 393 ppm to 461 ppm without any noticeable trends. 
The general pattern of Secchi disk readings showed lower 
visibility at the upper end of the reservoir. Maximum readings were 
recorded at times of stratification, and minimum values during the 
spring and fall turnovers. 
Analysis of stomach contents of largemouth bass revealed that 
they are largely carnivorous. Nearly 57 percent of the diet by volume 
of adults was fish. 
Spawning success of largemouth bass has been moderate. Spot-
poisoning with rotenone over substratums of gravel and rubble yielded 
about 85 percent of the fish recovered. The lowest percentage was 
from a mud-sand substratum. Spawning was not observed. Turbidity 
and dense growths of brush in the littoral zone are limiting factors 
to spawning observations. 
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Two and three-year-old largemouth bass were dominant in the catch 
during the study. Growth in the reservoir was about equal to the 
average rates of other studies. The length-weight relationship is 
expressed by the empirical formula, 
Log W = -4.8262 + 2.99 
Growth rates and condition factors are comparable to Sigler's work on 
largemouth bass in the same locality. 
Most evidence indicates the largemouth bass is a hardy competitor 
in Newton Reservoir. The impact of the carp, Utah suckers, and black 
bullhead on the largemouth bass appears to be great. Habitat changes 
brought about by man have probably favored the "rough fish" in some 
respects. The largemouth bass population is possibly below the 
carrying capacity of the reservoir. Relatively few largemouth bass 
have been stocked in Newton Reservoir as compared to other waters, 
yet the stocking success has been fair. 
The study of the surface net-plankton of the reservoir revealed a 
predominance of blue-green algae. Hutchinson (1957) feels that this 
algae group is characteristic of waters that are highly productive. 
The two most numerous algae were Aphanizomenon, a cold water form, and 
Ceratium, a warm water form. Generally, the highest densities of 
phytoplankton were at the northwest end of the reservoir where the 
water is shallow. Algae blooms and low dissolved oxygen during summer 
stratification, responsible for two fish kills in 1967-1968, appear to 
be limiting factors to a successful salmonid program. 
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APPENDIX 
Table 13. Chemical analysis of Newton Reservoir water by the 
Utah Water Research Laboratory, 1968 
Date 
Parameter 
Measured Jul 28 Aug 8 Sep 7 Oct 4 Nov 28 Expressed As 
CA 118.2 120.4 38.5 87.6 62.7 ppm 
Mg 40.0 49.6 83.6 75.6 64.0 ppm 
K 9·1 10.5 9.8 11.8 12.3 ppm 
Na 66.0 30.0 57.8 13.1 64.6 ppm 
-Cl 158.4 162.3 174.0 165.0 85.0 ppm 
CO; 0.0 0.0 0.0 3.6 0.0 ppm 
HCO; 357.5 382.0 275.5 268.4 305.0 ppm 
NO; 0.0 0.1 0.1 0.1 0.1 ppm 
P04 0.04 0.5 0.05 0.0 0.18 ppm 
S04 85.6 51.2 89.2 114.4 89.0 ppm 
Ammonia 4.5 6.5 0.0 0.4 1.2 ppm 
Turbidity 30 30 2~ 25 25 
E.C. 1200 1032 820 1000 1000 umhos/cm 
TDS 811 760 711 755 720 ppm 
T. Hard. 460 505 440 530 420 ppm 
(CaC03) 
Color 5 5 5 5 5 
BOD 5.7 ~.O 4.7 15.2 4·5 ppm 
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Figure 11. Newton Reservoir water levels during a 23-year period* 
*The data were taken from the records of the U.S. Bureau of Reclamation, Form R4-132, 1958. 
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